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ASIALOCYTOKINES AND TREATMENT OF LIVER DISEASE 

5 Cross Reference to Related Applications 

This application is a continuation-in-part of U.S. Patent Application 
Serial No. 08/721,828, filed September 27, 1996, now yending; wWch claims 
priority from U.S. Provisional Application Serial No, 60/004,357, ffled September 
10 27, 1 995, now abandoned. 

Statement as to Federally Sponsorec^ Research 
This invention was made with government support under National 
Institutes ofHealtii grants CA57584 and NIDDK4331. The Government has certain 
15 right in flie invention. 

Background of the Invention 
Hepatitis B virus (HBV) infection is a worldwide health problem. It 
causes a wide spectrum of pathologies ranging from inapparent infection to fatal 

20 hepatocelhilar diseases (Tiollais et al.. Nature 317:489, 1985). The HBV virion is 
composed of an envelope, wfaidi carries the hq)atitis B surface antigen (HBsAg), 
and a nucleocapsid. The nucleocapsid encloses a circular, partially double-stranded 
32 kb DNA, which replicates via a RNA intermediatB. The nucleocapsid is formed 
by flie hepatitis B core antigen. When virions are present in flie blood, an additional 

25 sohible antigen related to flie nucleocapsid, the hepatitis B e antigen (HBeAg), is 
genendly detected in flie serum. Several studies have suggested that HBV is not 
directly hepatocytopalhic and tot host umnune lesponse to vhal antige^^ 
on die sur&ce of infected liver cells may play an important role in pattiogenesis 
(MondeUi et al., J. hnmunoL 129:2773. 1982; MonddK et al., Aich. Pathol. Lab. 

30 Med. 112:489, 1 Chisari et al., Microb. Pafliog. 6:31 1, 1989). 

The lack of suitable animal models for hq)atitis B has hindered 
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understanding of the molecular mechanisms responsible for hepatocyte deafh and 
viral clearance (Ochiya et al., Ptpc. Natl. Acad. Sci. USA 86:1875, 1989; Gripon et 
al.9 J. Virol. 62:4136, 1988). Germ-line transgenic rnouse models have been 
produced to investigate the pafiiogenesis of HBV infection, but these animals are 
5 inmiunologically tolerant to HBV antigens and do not spontaneously develop 
hq)atitis (Moriyama et al.. Science 248:361, 1990). Hepatitis must be induced in 
these animals by a complicated, multi-step process involving, e.g., priming 
lymphocytes wifli HBV proteins in syngeneic animals and adoptive transfer of tiie 
primed cells in vivo (Moriyama et al., supra; Ando et al., J. Exp. Med. 178:1541, 
10 1993). 

Summary of the Invention 
The invention is based, in part, on the discovery tiiat asialo-interferon-fi 
(asialo-IFN-B) effectively inhibits hepatitis B virus (HBV) replication in hepatocytes. 
15 Surprisingly, fliis level of inhibition achieved was higher than tiiat achieved witii 
native interfezon-B, a result contrary to the previous understanding that asialo- 
interferon-B is less effective than native interferon-B in inhibiting virus replication in 
hepatocytes. 

Accordingly, the invention features a method of treating viral hepatitis in 
20 a mammal (e.g., a human) by administering to Hie mammal a composition which 
includes a tiierapeutic amount of an asialo-interferon (e.g., asialo-IFN-alpha, asialo- 
IFN-B, or asialo-IFN-gamma). The method optionally includes a step of confirming 
that tiie mammal has viral hepatitis, e.g., hepatitis caused by hepatitis B virus 
infection or hepatitis C virus infection. 
25 The optional confirming step can include measuring the level of hepatitis 

vims replication in tiie mammaL The level of virus replication can be measured by 
any means well known in the art, including hepatitis virus-specific polymerase chain 
reaction or by detecting hepatitis viral antigen (hepatitis B virus e antigen) in a 
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bodily fluid (e.g., blood) of Ibe inanimal. 

The composition can be administered via any suitable route, including 
subcutaneously. intramusculaily, intraarterially, or intravenously. In addition, fee 
therapeutic amount can be about, e.g., 0.02 to 200 ig/kg body weight/day, 30 to 75 
5 ig/kg body weight/day, or alternatively, 10,000 to 200,000 lU/kg body weight/day. 

The composition can further inchide a pharmaceutically acceptable 
excipient, such as dextrose, an albumin, sodium chloride, a /sodium phoq)hate, or 
water. 

In another aspect, flie invention features a method of targeting a 
10 glycoprotein to a hepatocyte by providing an aaaloglycoprotBin produced by 
removing siaUc acid residues firom a glycoprotemi and contacting fee 
asialoglycoprotein with the hepatocyte. Among the glycoproteins fliat can be 
targeted to hepatocytes in fliis manner are ILrl, IL-3, IL-4, IL-5, IL-6, IL-7, IL-9, 
IL-10, IL-12, IL-13, IL-14, IL-15, eryfhropoietm, fibroblast growfli fector, 

15 granulocyte-macrophage colony stimulating factor (GM-CSF), gamma interferon, 
tmnor necrosis factor-fi, leukemia inhibitory factor, macrophage colony stimulating 
factor (M-CSF), macrophage migration inhibitory fector, nerve growth fector, 
osteostatin M, platelet-derived growfc fector, stem cell fector, ftrombopoietin, 
vascular endothelia growth factor, or hepatocyte growth fector. The hepatocyte to be 

2 0 targeted can be wifliin a liver, and the liver can be within a mammal (e.g., a human). 
The asialoglycoprotein can be contacted with flie hepatocyte by intravenous, 
intraarterial, subcutaneous, or intramuscular injection of the asialoglycoprotrin into 
flie mammal. 

The invention also features a composition includmg asialoglycoprotrin 
25 produced by removing sialic acid residues from a glycoprotein, where the 
glycoprotem is interleukin-1 (IL-1), IL-3, IL^, IL-5, IL-6, IL-7, IL-9, IL-10, IL-12, 
IL-13, IL-14, IL-15, eiythiopoietin, fibroblast growtii fector, granulocyte- 
macrophage colony stimulating fector (GM-CSF), gamma interferon, tumor necrosis 
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&ctor-fi, leukemia inhibitoiy factor (UF), macrophage colony stimulating factor (G- 
CSF), macrophage migration inhibitoiy &ctor, nerve growth &ctor, osteostatin M, 
platelet-derived growth factor, stem cell &ctor, flirombopoietin, vascular endoflieUa 
growth factor, or hepatocyte growth factor. The invention also features a mebod for 
5 preparing a medicament, e.g., a medicament for treatment of a liver disorder (e.g., 
hepatitis) by admixing an asialoglycoprotein widi a phaimacaitically acceptable 
carrier. The conxposition can further include a phamiaceutically accqitable 
excipient 

The methods and conqx>sitions of the invention can be used to deliver a 

10 glycoprotem to hepatocytes, including 4ie delivery of IFN, in its asialo form, to treat 
viral hepatitis. These asialo glycoproteins are expected to have a hig^her specific 
activity in the liver ttian die native glycoproteins when administered to a patient 
The use of other glycoprotein cytokines for treatment of specific diseases are also 
well knowxL For exaniple, asialo-IL-1 can be used to treat anemia, as can asialo-IL- 

15 3, asialo-IL-6, and asialo-eiydiropoietin. Asialo-IL-7 and asialo-IL-10 can be used 
to stimulate die growth and difierentiation of T cells. Asialo-IL-12 caii be used to 
activate natural kiUer cells. Asialo-GM-CSF and asialo-G-CSF can be used to 
activate and prolif^ate macrophages. 

In addition, asialo-IL-1 can be used to treat fulminant or subacute 

20 hepatitis. Asialo-IL-3 can be used to treat pancytopenia. Asialo-IL-6 can be used to 
treat fulminant hepatitis or acute exacerbation of chronic active hepatitis, or can be 
used to produce acute phase reactants for host defense. Asialo-K^lO can be used to 
treat autoimmune hepatitis or prixnaiy biliaiy ciiriiosis, Asialo-IL-12 can be used to 
treat hepatocellidar carcinoma, hqiatic metastatic tumors, HBV infection, hepatitis C 

25 virus infection, ADDS, or parasitic infections. Asialo-GM-CSF can be used to treat 
malignant tumors or leukemia, Hepatocyte growth factor can be used to treat hepatic 
cirrhosis, liver fibrosis, or chronic hepatitis. 

Thus, the invention also includes a method of treating anemia in a 



- 4 - 



wo 00/66137 



PCTAJS00ni225 



mammal by providing a composition having a therapeutic amount of an 
asialoglycoprotein, the asialoglycoprotein being produced by removing sialic acid 
residues ftom a glycoprotein (e.g., IH, IL-2, or eiyflmipoietin; and by 
administering to the mammal the composition. 

5 Also included in the invoition is a method of stimulating growth or 

differentiation of a T cell by providing an asialoglycoprotein produced by removing 
sialic acid residues from a glycoprotein (e.g., IL-7 or IL-10|i; and contacting the T 
cell with the asialoglycoproteiit The T cell can be wittiin a mammal, and the 
contacting step can include administering to flie mammal a composition compnsing 

10 fee asialoglycoprotein. j 

The invention also includes a method of stimulating growth or 
differentiation of a macrophage by providmg an asialoglycoprotein produced by 
removing sialic acid residues from a glycoprotein (e.g., GM-CSF or M-CSF); and 
contacting the macrophage wifli the asialoglycoprotein. The macrophage can be 

15 within a Tnammal, and the contacting step can include administering to the mammal 
a composition comprising the asialoglycoprotein. 

In yet another aspect, the invention includes a method of treating 
hepatitis in a mammal (e.g., a human) by providing an asialoglycoprotein (e.g., IL-1, 
IL«6, IL-10, IL-12, or hepatocyte growfli factor) produced by removing siahc acid 

20 residues from a glycoprotein; and administering to the mammal a flierapeutic amount 
of the asialoglycoprotein 

Brief Description of the Drawings 
Fig. 1 is a graph depicting the results of an analysis of sennn HBeAg 
25 level (oprai symbols) and anti-HBe antibody titer (closed symbols) in rats transfected 
with pHBV-HTD (circles) or pGEM-7Z£(+) (triangles). The relative concentrations 
of HBeAg and anti-HBe are given by -4492 and percent hihibition, respectively, as 
described herem. Specimens whose A492 value is equal to or greater than the cutoff 
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vahie of 0.065 (mean of the negative control plus tiie factor 0.06) are considered to 
be positive for HBeAg, and Oiose vnUt a percent inhibition value equal to or greater 
than 50% are considered to be positive for anti-HBe. 

Fig. 2 is a graph illustrating serum GPT levels in normal CD rats (J) and 
5 inafliymicniid!erat5(!)transfectedwitibpHBV-HTD. 

Fig. 3 is a schematic illustration of 4ie structure of natural human IFN-a. 
Also iUustrated are the cleavage sites of typical biantenndiy complex-type sugar 
chains of natmal human IFN-a by neuraminidase. Abbreviations: Fuc, fiioose; 
GlcNAc, N-acetylghicosamine; Man, mannose; Gal, galactose; NeuAc, N- 
10 acetytneuraminic acid. 

Fig. 4 is a graph of a standard curve for die quantification of HBV DNA 
by radioactive FOR using [aIpha-^P]-dCTP. 

Fig. 5 is a graph of HBV copy number in a culture of HBV DNA- 
transfected Hep G2 cells versus interferon concentration in fhe culture media. HBV- 
15 transfected Hep G2 cells were treated with human natural IFN-alpha, human natural 
IFN-B, or asialo-IFN-B (at 10, 100, or 1000 lU/ml) eveiy 24 houra for 48 hours. The 
reduced production of HBV in the culture supernatant of transfected Hep G2 cells is 
shown by the reduction in copy number of HBV DNA-containing virions 1bat are 
present in one millfliter of die culture supernatant Results are the mean plus or 
2 0 minus one standard deviation (SD) of values obtained in trq>licatB experiments. 

Fig. 6 is a gr^h of OD590 in a cell viability assay using 3-[4,S- 
dimediylfliiazol-2-ol]-2,S-diphenyltetiazolium bromide (MTT) versus time. Hep G2 
cells were treated witti 1000 lU/ml of conventional IFN-alpha, IFN-6, or asialo-IFN- 
fi every 24 hours for 72 hours. Results are die mean phis or minus SD of values 
25 obtained in trqilicate experiments. 

Fig. 7 is a bar graph of HBV copy number in untreated ASGP receptor- 
negative liver cells or die same cells treated with IFN-alpha, IFN-B, or asialo-IFN-B. 
SK-HEP-1 ceDs were treated widi 1000 lU/ml of cytokine every 24 hours for 48 
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hours. Results are Hit mean phis or minus SD of values obtained in triplicate assays. 

Fig. 8 is a bar graph of HBV copy number in cells treated widi various 
concentrations of asialo-IFN-fi and/or asialofetuin, a competitor for tiie ASGP 
receptor. HBV DNA-transfected Hep G2 cells were treated every 24 hours for 48 
5 hours with 100 lU/ml of asialo-IFN-B in the presence of various concentrations of 
asialofetuin (0-1.0 micromolar). Results are the mean plus or minus SD of vahies 
obtained in triphcate experiments. 

Fig. 9 is bar gnq)h of HBV copy number in cell cultures treated witti 
asialo-IFN-B, non-specific mouse IgGl/kappa, or a mouse antibody which 

10 neutralizes human IFN-B (B-02, IgGl/kappa, Japan hnmuno-Monitoring Center, 
Inc., Tol^o, Japan). HBV DNA-transfected Hep G2 cells were treated every 24 
hours for 48 hours wifli 100 lU/ml of asialo-IFN-B in the presence of one 
microgranVml of B-02 antibody or non-specific mouse antibody. Results are Ifae 
mean plus or minus SD of values obtained in triplicate experiments. 

15 Fig. 10 is a plot of the relative change in serum HBV virion levels in 

HBV-transfected mice for various treatments. 

Fig. 11 is a graph of 2-5 A synthetase activity in a cell culture versus 
number of hours of INF treatment The open circles represent the level of 2-5A 
syndietase during native IFN-fl treatment The closed circles represent the level of 2-^ 

20 S A synftetase during asialo-IFN-fi treatment 

Detailed Description of the Invention 
The invention relates to the use of asialo-interferon-fi to treat viral 
hepatitis. It is believed that asialo-interferon-B is more effective than native 
25 interferon-B in the treatment of viral hepatitis because of ttie prevalence of 
asialoglycopiDtein receptors on hepatocytes. 

Since the cariiohydrate chain of EFN-a has an extended conformation and 
is linked to IFN-fi at some distance from the portion of IFN-fi that interacts with the 
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IFN-a/a receptor (Karpusas et al., Proc. Natl> Acad. Sci USA 94:11813-11818, 
1997), asialo-IFN-a may be able to associate with fhe asialoglycoprotein and IFN 
receptors simultaneously. Hiis is so because die portion of die asialo-INF-B HbaX 
binds to the asialoglycoprotein tocepVar is located at the end of a carbohydrate chain, 
5 which has an extended confomnation, and thus is spatially sq^arated fiom the portion 
of the asialo-IFN-fi that binds to the IFN-a/fi receptor. Therefore, the asialo- 
caibohydrate moiety in the asialo-INF-6 molecule might noj^ interfere witib binding 
of fte asialo-INF-fi to the INF-i/B receptor. / 

In addition, the binding of asialo-IFN-B to the asialoglycoprotein receptor 

10 may increase tiie concentration of asialo-IFN-B in die vicinity of die IFN-i/B 
receptor, diereby &cflitating binding to the INF-i/fi rec^tor and activation of die 
INF-a/fi signalling pathway. Alternatively, asialo-IFN-a may bind first to the ASGP 
receptor, a low affinity receptor having a dissociation canstant (Kd) of 
approximately 10*^ for biantennaiy and approximately 10'* to 10"^ M for triantennary 

15 galactose-teiminal oligosaccharides (Lee et al., J, Biol. Chem. 258:199-202, 1983). 
Biantennaiy asialo-IFN-B bound to the asialoglycoprotein receptor may readily 
transfer to fhe IFN-a/B, which has a higho" aflBnity (Kd = 10'" to 1 0"^^). Thus, it may 
be desirable to administer asialo-IFN-B compositions diat consist predominantly of 
biantennaiy complexes rather dian tiiantemiaiy complexes. 

20 Ihe human asialo-INF-B produced in human fibroblasts as described 

herein contain about 82% biantennaiy galactose-terminal oligosaccharides and about 
18% triantennary galactose-teiminal oligosaccharides. Various methods are known 
for creating INF-B having a higher or lower proportion of biantennary complexes. 
For example, IFN produced in fibroblasts cells has a higher proportion of 

25 biantennary complexes than IFN produced in CHO cells. 

IFN receptor binding is essential for IFN-a and IFN-a to elicit their 
antiviral activities. Although die activation of cell sur&ce receptors by these IFNs 
does not require receptor internalization, binding of IFN-a or INF-a to their 
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inHacellular leceptors may trigger IFN signaling. For exaiiq)le, it appears that 
autocrine IFN-a or INF-S does not need to reach flie cell sur&ce to exert activity. 
Further, IFN-i incorporated into liposomes can produce significantly greater activity 
than fiee IFN-a, probably due to delivery of this cytokine to intracellular 

5 compartments. Therefore, asialo-IFN4i iimy be more active flum native EFN-B by its 
ability to activate an intracellular reservoir of IFN recqitois. 

Previous methods for targetmg drugs (eg., polypeptide drugs) to 
hqiatocytBS have included conjugating ibe drug to moieties fliat bind to fte 
asialogjycoprotein receptor. See, e.g., WO 95/1 8636; WO 91/22310; and Nishikawa 

10 et aL, Proceed. Intem. Symp. Control Rcl. Bioact Mater. 22:502-503, 1995. These 
procedures can substantially increase the size of ttie final drug molecule. In contrast, 
preparation of asialo-IE^ by removal of sialic acid decreases ttie size of the IFN 
molecule, thereby increasing the ability of IFN to infiltrate liver tissue in vivo. This 
is so because exchange of substances between the blood and liveir parenchyma take 

15 place at specialized c^illaries called Asinusoids@ that contain circular fenestrae or 
pores. The diameter of fenestrae ranges fiom 80 to 150 nm. Thus, drugs molecules 
whose mode of action requires passage to the liver must possess a smaller general 
diameter than tibat of the fenestrae. 

Previous methods of targeting proteins to hepatocytBs have involved 

20 chaiiical conjugation of fhe protein to natural asialoglycoproteins. The foimation of 
large, multimeric macromolecules, however, may limit ttieir accessibility to fte liver 
in vivo because of their inability to pass through title fenestrae. Since asialo-IFNs, as 
defined and described herein, are prepared by removing sialic acids from 
glycosylated IFNs using neuraminidase, fliis modification of carbohydrate side chain 

25 does not increase the molecular size of IFNs and thus allows the IFN access to 
hepatocytes in the liver. As defined herein, an asialoglycoprotein (e.g., an asialo- 
IFN such as asialo-IFN>B) is a protein haAong at least one N-linked or O-linked 
caifoohydrate group which is fiee of a terminal sialic acid residue. 
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The examples described below establish a convenient small animal 
model of viral hepatitis produced by transfecting himian hepatitis viral DNA into 
mouse hepatocytes. Also described below is the use of asialo-IFN-fi in reducing 
hepatitis viral replication in vitro and in vivo. 
5 PrepaiatioD of a Rat Model of Viral Hepatitis 

A head-to-tail homodimer of cloned HBV (pHBV-HTD), adw sub-^, 
was constrocted and inserted into the EcoRI site of Ifac! pGEM-729+) vector 
(Promega, Madison WI) as described by Blum et al^ J. Virol 65:1836. 1991 and 
Blum ct al., Hepatology 14:56, 1991. (The cloning of fce adw subtype is described 

10 in Valenzuela et aL» The nucleotide sequence of the hepatitis B viral genome and fee 
identification of fee major viral genes, in Animals Virus oLnetics, Fields et al.. eds.. 
Academic Press, New York, 1980, p.57.) In some cases, a head-to^il heterodimer 
of HBV, adwR9, a replication-competent HBV construct shnilar to pHBV<>HTD was 
used for transfi^on (Blum et al., J. Virol. 65:1836, 1991 and Bhim et aL, 

15 Hepatology 14:56, 1991). 

A two-Airds hepatectomy was performed according to flie Higgins- 
Anderson mediod (Higgins et al.. Arch. Pathol. 12:186, 1931) 24 h before in vivo 
transfection, since hepatectomy increases &e expression of tiie HBV transgene. The 
cloned HBV constructs were directly delivered into rat livers in vivo by using a 

20 membrane fiision-promoting cationic lipid, dioctadecylamidoglycylspermine (Belir 
et aL, Prpc. Natl. Acad. Sci. USA 86:6982, 1989). Fi% mioograms of pHBV-HTD 
or pGEM-7Zf(+) vector was mixed wift 250 ig of Ae cationic lipid in 500 il of 
sterile saline (0.154 M NaCl) and allowed to form a DNA*cationic lipid complex. 
Animals were anesthetized with edier and injected witii the DNA-cationic lipid 

25 complex into the right median lobe of the liver while their portal veins were 
temporarily ligated by hemostatic forceps. 

In addition to the above-described mefiiod, 20 ig of pHBV-HTD (or 
anofter selected DNA molecule) can be conoplexed wifii 50 ig asialofetuin-poly-L- 
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lysine and 100 ig cationic liposome in 250 ig HBSS and injected as described above. 
HBVKNA in Rat Tissues. 

To investigate the expression of HB V in transfected rats, total SNA was 
extracted fiom selected tissues of rats sacrificed 3 days afior tin vfvo transfection wifli 
5 pHBV-HTD and amplified by RT-PCR (Chelly et aL, Nature 333:859, 1988). A 
6S9-bp PCR fragment of HBV transcript was detected in ttie liver but not in ofli^ 
tissues. In this experiment total RNA isolated fiom a pHBV-HTD transfected Hub-7 
hepatoma cell line served as a positive control. 

The level of HBV expression was measured as follows. Total RNA was 
10 extracted fiom the liver, heart, lung, kidney, intestine, and spleen fiom rats 
transfected wifli pHBV-HTD and digested with RNase-ficee DNase I (2 units/ig of 
RNA) (Piomega) for 30 min. at 37EC. cDNAs were synthesized by extension of 
antisense primers with reveise transcriptase (BRL) in a mixture containing 2 ig of 
total RNA. PC!R of flje cDNA was performed in a final volume of 100 il containing 
15 2.5 mM MgCh and 100 pmol of each primer. The amplification cycles were 95EC 
for 30 s, 50EC for 1 min, and 72EC for 1 min. After 35 cycles, the PGR products 
were separated by electrophoresis on a 1.5% agarose gel and transferred to Hybond- 
N+ nylon membranes (Amersham). The Southern blot was hybridized wifli a ^^P- 
labeled HBV-specific restriction fi^gment (Aat D fiagment of pHBV-HTD; 3221 
20 bp). The primers used for amplification were located widiin flie S open reading 
fiame of HBV (sense primer, S'-TGCGGGTCACCATATTCTTGGGAACAAGA-y 
(SEQ ID NO:l); antisense primer, 5'- 

AGTCTAGACTCTGCGGTATTGTGAGGATTCTTG--3' (SEQ ID NO:2), which 
yielded a 659-bp fiagment a-actin primeis fliat amplified an 838-bp fragment were 
25 used as a control (sense primer, 5- 

ATCTGGCACCACACCTTCTACAATGAGCTGCG-3'; SEQ ID N0:3); antisense 
primer, 5*<:GTCATACTCCr(}CTrGCTGATCCACATCTGC-3'; SEQ ID N0:4). 
Total RNA obtained from a human hepatocellular carcinoma cell line (Huh-7) 
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tansfected wife pHBV-HTD in vitro (Blum et al., Hepatology 14:56, 1991) served 
as a positive control for detection of HBV RNA. 
HBV Virion in Rat Sera 

The presence of HBV virions in serum was assessed by detecting HBV 
5 DNA by PGR after DNase I treatment of rat sera and imnmnoprecqsitation of HBV 
virions wift anti-HBsAg-conjugated beads. Sera were positive for virions in 18 to 
21 rats. The amount of HBV detected in the serum increasdk during fee first 3 days 
after transfection as assayed by increases in PGR amplifiaile material detected by 
Soufeem analysis and feen rapidly decreased and could no longer be detected 14 

10 days after the transfection. | 

HBV virion sera was measured as follows. Sera were first treated wife 
20 units of DNase I (Boehringer Mannheim) per ml at 37EC for 30 min to digest 
naked DNAs, such as pHBV-HTD plasmid The HBV particles were feen 
immunoprecipitated fiom fee sera by using mouse anti-HBsAg antibody (SD3 

15 monoclonal antibody) (Takahashi et al., J. Immunol. Mefeods 112:91, 1988) 
conjugated to azlactone-aciylamide copolymer beads (Pierce). HBV is 
immunoprecipitated by feese antibody-conjugated beads because fee complete HBV 
virion contains double-stranded 3.2-kb HBV DNA and carries HBsAg on its 
envelope. After extensive washing, HBV DNA was released from fee beads by 

20 heating at 95EC for 5 min, arq)lified by PCR by using fee same primers described 
above, and hybridized to fee HBV probe in a Soufeem analysis to confirm fee 
specificity of fee PCR products (Liang et al., J. Clin. Invest 84:1367, 1989). 

As an alternative, PCR analysis can be performed as follows. PCR 
analysis of HBV is perfomied in a final volume of 50 il wife 2.5 mM MgCh and 1 

25 iM of each primer. The cycles are 95EC for 30 s, 50EC for 1 min and 72EC for 1 
min. After 30 cycles, fee PCR products are separated by electrophoresis on 1.5% 
agarose gel and transferred to Hybond-K*^ nylon membranes (Amersham). The blot 
is hybridized wife a "^^P^labeled HBV-specific restriction fragment {AatU fiagment 
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of pHBV-HTD; 3221bp) for Sovrthan analysis. The following primeis, located 
within the core open reading fiame of HBV gene, are used for Ae detection of HBV: 
sense primer. GAGAATTCAAGCCTCCAAGCTGTGCCTCG (SEQ ID N0:5); 
anti-sense primer, GAAAGCTTCTGCXjACGCGGCGATrGAGA (SEQ ID Na6). 
Hiese primers yield a 578 bp fragment Hie following B-actin primers are used as a 
control: sense primer, ATCrGGCACCACACCrTCTACAATGAGCTGCG (SEQ 
ID 

N0:7); anti-sense primer, CGTCATACICCTGCTTOCTOATCCACATCTGC 
(SEQIDNO:8). These primers yield a 1045 bp fiagmenL 
HBV Liver DN A 

HBV DNA was detected by genomic Soudiem analysis of liver DNA 
isolated from rats transfecled wifli adwR9. DNA bands of 7.2 H> and 32 kb were 
detected in £coRV-digested genomic DNAs by hybridization wifli an HBV-«pecific 
probe (Aat n fragment of pHBV-HTD). The 7.2 kb band was also seen in tiie sanw 
liver DNA blots rehybridized vnth a vector-specific probe [pGEN^7Zfl[+) DNA 
digested by Bamm\, but tiie 3.2 kb band was not detectable. Since bo* fte HBV 
genome (adw subtype; 3.2 kb) and the adwR9 HBV constructs (72 kb) have a single 
EcoRV site (Blum et al., Hepatology 14:56, 1991), tiie observed 3.2 ld> band was not 
derived from tiie digested adwR9. These data confirm that HBV DNA was 
produced and present in an unintegrated form in the Uver. In addition, flie HBV 
DNA was detected at a similar intensity on days 1, 2, and 3, aldiough the adwR9 
plasmid DNA in flie liver rapidly decreased between day 1 and day 3. Thus, flie 
presence of 32 kb HBV DNA after the clearance of the adwR9 construct from fee 
liver indicates feat HBV production may have been mediated by its own replication. 

Genomic Soufeem analysis was performed as follows. Rat livers 
transfected wife a head-to-tafl heterodimer of HBV, adwR9, were used for analysis. 
DNA vras extracted from fee livers, digested wife EcoRV, which cuts fee HBV 
genome and adwR9 at a single site, and separated by electrophoresis through a 1% 
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agarose gel. The DNA fragments were transferred to a Southern hybridization filter 
and the blots were first hybridized with an HBV-specific restriction fingment {Aat E 
fragment of pHBV-HTD), stripped, and then rehybridized with a vector-specific 
restriction fragment [pGEM-7Zi(+) DNA digested with Bamin[\ for Southem 
5 analysis. 

Senim HBeAg and Anti-HBe Antibody Response in Transfected Rats 
A rqnesentative time course of serum HBcAg^ level and anti-HBe 

antibody response in pHBV-HTD-transfected rats is shown in Figure 3. HBeAg was 

fi)und in rat serum 3-7 days after liver transfection with pHBV-HTD and was 
10 followed by an increase in anti-HBe antibody titer by day 21. NeiA^ HBeAg nor 

anti-HBe was found in the sera of mock-transfected rats tiansfected with pGEM- 

7Zf(+)(Fig.l). 

HBeAg and anti-HBe antibody were measured as follows. Sera were 
collected from tail veins of rats. The presence of HBeAg and anti-HBe antibody 
15 were determined by "sandwich** and "competitive-binding'* techniques, respectively, 
using commercially available ELISA kits (Abbott). The relative concentration of 
HBeAg was represented by Ifae absoibance value of specimens at 492 nm (A492)- 
The level of anti-HBe was expressed as percent inhibition calculated by using tiie 
foUowing formula; percent inhibition = [(mean A492 of negative controls - A492 of 
2 0 sample)/(mean A492 of negative controls - A492 of positive controls)] X 1 00. 
Serum Ghitamic-Pvruvic Transaminase (GFD Levels, 
GPT activity in die serum was measured as an indicator of liver disease, 
since GPT is found primarily in the liver and released fix)m the damaged 
hepatocytes. Serum GPT values were elevated in the majority of rats 2-3 weeks after 
2 5 HB V transfection [60 international units (IU)/1 ** SIU/1 at day 0 and 2 1 0 lU/I " 49 IU/1 
at day 21; mean *' SEM, n = 15] (Fig. 2). No serum GPT elevation was observed in 
die mock-transfected rats (37 IU/1 " 18 IU/1 at day 0 and 30 IU/1 " 12 lUA at day 21^ 
= 3). 
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Liver Histology. 

Liver tissues were obtained from randomly chosen rats sacrificed 3-21 
days afte in vivo transfection with tiie pHBV-HTD, adwR9, or pGEM-7Zf(+) 
construct In fhe liver tissue histology of a rat 21 days after in vivo transfection wi& 
5 fte pHBV-HTD construct with a sennn GPT level of 483 IU/1 (see Fig. 2), the 
parenchymal cells in tiie vidnity of the portal vein had disappeared and were 
replaced by ttie infiltration of lynq)hocytes. Other animals transfected witti pHBV- 
HTD or adwR9 demonstrated similar histological changes. No hepatocyte death or 
lyirQ>hocyte infiltration was observed in the livers of mock-transfected rats. 
10 In vivo Transfection of Athymic Nude Rats vn&i pHBVrHTD. . 

To see if T lymphocytes are important for the induction of liver cell 
injury in the experimental animal model described herein, T-lyiriphocyte-deficient 
atiiymic nude rats were transfected wifli pHBV-HTD as described above. No serum 
GFT elevation was observed in any of these transfected animals (Fig. 2) and their 
15 livers were histologically normal. It is interesting to note that flie serum level of 
HBV virions mcreased between 7 and 21 days in tiiese nude rats. Ihis finding was 
in contrast to the serum HBV virion levels of normal rats, which rapidly decreased 
by 7-14 days after the transfection. 
Characterization of the Model 
20 After in vivo transfection of clone HBV DNA according to flie above 

described technique, HBV RNA as well as 32-kb HBV DNA were present in flie 
liver, and HBV virions were detected in the blood. Most importantly, HBeAg, a 
serological marker of active viral replication (Brechot et al.. Lancet, ii:765, 1981; 
Hadziyannis et al., Hepatology 3:656, 1993), was found in rat saa, and its 
25 appearance was followed by an anti-HBe antibody response. These data indicate 
that HBV virions were actively produced and that an immune response to HBV gene 
products was elicited in rats transfected with the HBV constructs. FurthCTmore, flie 
liver histology in tibese animals demonstrated severe hepatocellular injury 
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characterized by bepatocyte death and lymphocyte infiltration when sennn GPT 
values were elevated. Thus, HBV-induced pathogenesis in these transfected rats was 
characterized by the repression of HBV genes, the production of HBV virions, the 
increase of senun transaminase, and the characteristic histological findings. Ihese 
5 patfiological changes in rats txansfected with HBV DNA iare similar to those found in 
acute viral hepatitis induced by HBV in humans. 

These studies used the head-to-tail dimer conslnicts of HBV (pHBV- 
HTD) and adwR9. These and ofter head-to-tail dimer constructs ccmtain flie HBV 
genome and endogenous viral enhancer/promoter elements fliat are sufBcient for ttie 

10 production of complete virions in human hepatoma ceU lines.(Blum et al., J, Virol. 
65:1836, 1991; Blum et al., Proc Nat! Acad. Sci- USA 84:1005, 1987; Surcau et al.. 
Cell 47:37, 1986; Yaginuma et aL, Proc. Natl Acad. Sci. USA 84:2678. 1987; 
Yasinuma et al., Proc. Nafl Acad. Sci. USA 84:2678, 1989), and tiie in vitro 
replication of HBV has been previously demonstrated in rat liver-derived cells (Shih 

15 et al., ProcNatl. Acad. Sci USA 86:6323, 1989; Diot et aL, J. Med. Virol, 36:93, 
1992). However, fliere had been no previous studies to determine if the HBV gene 
would be expressed in rat liver in vivo after tiie direct transfection of these 
replication-competent constructs. The present data demonstrate the expression of 
HBV genes, flie production of HBV particles, and the development of spontaiieous 

20 hepatitis in rats after a single gene transfer in vivo. 

In vivo effect of asialo IFN-a in athymic nude mice model of HBV . 

pHBV-HTD was complexed with asialofetuin-poly-L-lysine conjugate 
and cationic-%osome to make virus-like particles for liver-specific transfection 
(infectious liposome). The infectious liposome complex was injected in to the portal 

25 vein of nude mice via spleen. Seven days after in vivo transfection, mice wane 
randomly selected and treated with intraperitoneal injections of physiological saline 
solution (PSS), IFN-a (10,000 lU/day) or asialo IFN-a (10,000 lU/day) for seven 
days. 



- 16 - 



wo 00/66137 



PCT/US00ai225 



Asialofetuin-poly-L-lysm conjugate and cationic liposome were prepared 
as described by Tnibetskay et al. ffiioconiugate ChenL 3:323, 1992) and Karl et al. 
(Am. J. Med. Sci. 307:138, 1994). Since asialofetuin binds asialoglycoprotein 
receptor on hepatocytes and cationic liposome &cilitates Ibe fusion to cell membrane 

5 and deliveiy of DNA into hepatocytes, pHBV-HTD was complexed wifli 
asialofetuin-poly-L-^sine conjugate and cationic-liposome in order to accomplish 
liver-specific transfection. In brie^ SO il of pHSV-BTTD (400 ig/nd of DMEM), 100 
il of asialofetum-poly-L-lysme conjugate (500 Ig^ of HBSS, pH 7.4) and 100 U of 
cationic-liposome (1,000 ig/ml of HBSS, pH 7.7) were mixed in nucrocentrifiige 

10 tube. Afier IS minute incubation at room temperature with mixing, Ae [asialofetuin- 
poly-L-]ysine]-[DNAHcationic lipid] complex was filtered fluough 02 im 
polycarbonate membrane filter (Poretics Corporation, CA) before transfection. 

To produce human asialo-IFN-B, 20 mg of insoluble neuraminidase 
attached to beaded agarose (about 0,22 units, Sigma) was suspended in 1 ml distilled 

15 water in a microcentrifuge tube and allowed to hydrate briefly. The tube was tiien 
quick-spun and washed three times widi 1 ml of sodium acetate bu&r (pH 5.5) 
containing 154 mM NaCl and 9 niM calcium chloride. The gel (about 72 il) was 
flien resuspended in 150 il of the sodium acetate buffer. Glycosylated human IFN-6 
(3 X 10^ lUMal, which was about 0.15 mg) was then suspended in 150 11 of sodium 

20 acetate buffer. The gel and IFN-B were dien mixed and incubated on a rotating 
platform at 37EC for three hours. The mixture was then transferred to a Z-^in tube 
having a 02 im filter. The asialo-IFN-B was ttien separated fiom the neuraminidase 
by quick spin. Fifiy microliter aliquots were made and stored at -80EC until use. 

HBV particles were produced in all nude mice by in vivo transfection 

25 using infectious liposomes. In nude mice treated wifli PBS, HBV viremia continued 
to &e end of the treatment (14 days after the transfection). Sialylated natural IFN-a 
(10,000 lU/mouse/day for 7 days) did not demonstrate significant anti-viral effect 
In contrast, asialo IFN-a (10,000 lU/mouse/day for 7 days) demonstrated substantial 
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anti-viral effect 

Effect of human asialo IFN-a on HBV transfected human hcpatpma cells 

Asialoglycoprotein receptor bearing hepatoma cell lines were identified 
using ['^^I]-labeled asialo-orsomucoid (Schwartz et al., J. Biol Chem. 256:8878, 
5 1981). One asialoglycoprotemrecqnorexpiessmgcen line Hep G2 (American 

Culture Collection; Betiiesda, MD: ATCC HB806S) was selected for transfection 
withHBV. Hep G2ceUs were tnmsfectedwidipHBV-HTD/as described below^ 

To examine the effect of asialo IFN-a and batmal IFN-a on HBV- 
transfected HepGl cells, 2x10^ transfected cells vmt treated with either human 
10 natural IFN-a (1,000 lU/ml), asialo IFN-a (1,000 lU/ml), or saline for 48 hours, 
cytotoxicity was monitored using a colorimetric MTT cell proliferation assay as 
described by Mosmann f J. hnmunoL Mefli. 65:55, 1983). 
Asialo IFN-a is More Effective than the Natural IFNnS 

Both asialo IFN-§ and natural IFN-a were found to reduce HBV 
15 production by HBV transfected Hep G2 cells. However, asialo IFN-& was found to 
be more effective than natural IFN-&. Asialo IFN-a reduced HBV production more 
tiian 5-foId, compared to control cells, while natural IFN-S reduced HBV production 
only 1.5 to 2-fold. Moreover, asialo IFN-a reduced HBsAg production by HBV 
transfected HepG2 cells 26-38%, while natural IFN-a reduced HBsAG production 
20 33-40%. 



- 18 - 



wo 00/66137 



PCTAJS00/1122S 



Table 1 





HBsAg(ng/inl) 




Ofar 


48 hr 


72hr 


Saline 


0.018±0.006 


6.934rb0.175 


14.530tt0.280 


IFN-B (1,000 lU/ml) 


0.029±0.003 


2.747±0.090* 


3.830£t0.266** 


AS-IFN-B 
(1,000 lU/^ 


0.042±0.008 


2.618*0.093* 


4.751±0.109** 



NOTE: Six hours after transfection, saline, IFN-B or asial6-IFN-B was added to 
culture medium (0 hr). Production of HBsAg from transfected HepG2 
5 cells was significantly inhibited by IFN-fl and AS-IFN-B by 48 hr 

treatment (*: P = 0.00004 vs. saline, **:/'= 0.00004 vs. saline and P = 
0.015 vs. IFN-fl req)ectively by Student's / test). 

Hie effect of asialo IFN-a and natural IFN-fi on pHBV-HTD transfected 
SK-HEP cells was examined. These cells lack fhe asialoglycoprotem receptor. For 
10^ ' these cells, asialo IFN-a was no more effective flian natural IFN-a. 

The following mefliods were used in the experiments described in this 

section. 

For these experiments, human asialo IFN-§ was prepared from natural 
glycosylated IFN-a as described above. HBV virion production by HBV-transfected 
15 Hq)G2 cells was measured as described above. HBV surface antigen (HBsAg) was 
exanoined using a enzyme-linked immunosorbent assay (AUSZYME, Abbot 
Laboratories). 

All ceD lines were maintained in Eagle's MEM (MA. Bioproducts; 
Walkeisville, MD) supplemented with 10% fetal calf seram inactivated at S6EC for 
20 30 min., 10 iM non-essential amino acids, 100 U/ml penicillin, and 100 ig^ 
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Streptomycin. Cells used for in vitro testing were harvested from the monolayer 
cultures by treatment with 0.04% EDTAArersine buffer in the absence of trypsin for 
5niin.at37EC. 

Cells were transfected wifli pHBV-HTD (described above) by tibe 

5 calcium phosphate method (MoL Biol. CeU. 7:2745, 1987) usmg 2x10^ cells and 3 ig 
ofpHBV-HTD per 300 mm plate. After tiansfection, 30 il of IFN-S (100 lUAl) or 
asialo IFN-§ (100 lU/iV) were applied eveiy 6 hours for 48 hl>uis to culture medium 
to a final concentration of 1,000 lU/ml. The same total volume of physiolo^cal 
saline was added to control cultures. 

10 Asialo-interfiaun j 

Asialo interferon used to treat hepatitis B and ofter conditions can be 
produced by removing a tenninal sialic residue from interferon which is glycosylated 
and normally has such a residue by virtue of it having been produced in a eukaryotic 
cell (see, e.g,, U.S. Patent No. 4,184,917 and references cited therein, and I^sama et 

15 al., J. Interfer. Cyto. Res. 15:407-415, 1995). The tenninal sialic residue can be 
removed by, for example, mild acid hydrolysis, or treatment of native glycosylated 
EFN with isolated and purified bacterial or viral neuraminidase as described in 
Drzenieck et al., Microbiol. Immunol. 59:35, 1972. Neuraminidases are readily 
available from Sigma Chemical Co. (St Louis, MO) as catalog nos. N 3642, N 5146, 

20 N 7771, N 5271, N 6514, N 7885, N 2876, N 2904, N 3001. N 5631, N 2133, N 
6021, N 5254, and N 4883. 

Native, glycosylated interferon can be isolated from human cells, which 
produce it naturally, or fix)m eukaiyotic cells which have been manipulated so ttiat 
fliey express a cloned interferon gene. Methods for natural or recombinant 

25 production of interferon are generally described in U.S. Patent Nos. 4,758,510, 
4,124,702, 5,827,694, 4,680,261, 5,795,779, and 4,130,641. Alternatively, isolated 
and purified human interferon is available fiom Sigma as catalog nos. 1 2396, 1 2271, 
1 1640, and 1 6507. 
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Animal models 

The methods described above may be used to prepare rodeat models of 
other fomis of hepatitis. Thus, other variant and mutant form of hepatitis B vims 
may be used in place of adw2 variant used in the above-<iescribed experiments. 

5 Thus, the adw, adr(l), adr(2), ayr, ayw(l), ayw(2) or o&er variants may be used In 
addition, the methods described above may also be used by those of skill in the art to 
prepare models of hepatitis C and hq>atitis G. 
Treatment wifli Asialo-interferon 

The me&od described above^ and other tedmiques known to those 

10 skilled in the ait, can be used to prepare asialo forms of glycosylated cytokines. 
Thus, it may be possible to prepare asialo forais of interferon &2 or other glycosylated 
human interferons. The asialo-interferons can be used to treat a wide rage of hepatic 
diseases or ofter diseases requiring administration of interferon to cells bearing the 
asialogjycoprotein receptor including: hepatitis B, hepatitis C, renal cell carcinoma, 

15 and hepatitis G. 

The removal of a terminal sialic acid residue may be a useful method for 
modifying a wide range of other proteins produced in eukaryotic ceUs (naturally or 
by expression of a recombinant gene). Ibis modification should produce an asialo- 
protein which can be more readily t2dcen up by ceDs bearing the asialoglycoprotein 

20 receptor and is tiius more efifective. 

Asiakv-IFN-B iiihibits HBV replication in vitro and in vivo and is superior to native 
IFN-B. 

The efficacy of asialo-IFN-S was assessed by its ability to reduce tiie 
production of intact HBV virions by Hep G2 human hepatoma cells transfected with 
25 a replication-competent HBV construct carrying a head-to4ail bomodimer of tibe 
entire HBV genome (pHBV-HTD; see above). This liver cell line expresses 
asialoglycoprotein receptor at a level similar to normal human hepatocytes 
(Eisenberg et al., J, HepatoL 13:305-309, 1991; and Schwartz et aL, J. Biol. Chem. 
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256:8878-8881, 1981). 

The experiments described below establish the asialo-IFN-B is more 
effective in inhibiting hq>atitis viral tepUcation in hepatocytes than native IFN-fi. 
This result concurs with Ifae finding, also discussed below, Ifaat asialo IFN-fi induced 
5 2'-5' oligoadenylate synthetase, an mdicator of flie BFN antiviral cellular response, at 
a level significantly higher than Oat induced by native IFN-fi. 

For quantificaticm of the intact virions' containing HBV DNA« a 
radioactive polymerase chain reaction (PCR) mefliod was used. TUs method 
involved DNase I digestion of the culture supernatant and immunupiecipitation of 

10 enveloped viial particles. The quantification was validated by iqq>lying this method 
to a serially dihited virus DNA preparation. Fig. 4 shows a precise linear 
relationship (linear regression correlation coefBcient; r = 0.998, P < 0.001) between 
&e mcoiporation of [a-^^>labeled dCTP into ttie PCR product and the known 
number of control HBV DNA copies. Fig. 4 also provides a standard curve for 

15 calculation of copy number of HBV DNA-containing intact virions in transfectkm 
experiments. 

The mediods carried out in fliis section were performed as follows. The 
human hepatoma cell lines SK-HEP-1 cells and Hep G2 cells (American Type 
Culture Collection, Rockville, MD) were cultured in 4e presence of 5% CO2 at 
20 37EC in Dulbecco's Modified Eagle Medium (D-MEM) (BioWhittaker» Inc., 
WalkersviDe, MD) supplemented with 10% heat-niactivated fetal calf serum (FCS) 
(Sigma Chemical Co. St Louis, MO), 100 FM non-essential amino adds, 100 U/ml 
penicfllin, and 100 Fg/ml strq>tomycin. 

Human asialo-INF-B was prqsaied as described above. 
25 Hepatoma cells (2x10^ cells) were cultured in 30 mm plastic dishes and 

tiansfected wifli 3 Fg of pHBV-HTD using a calcium phosphate mammalian cell 
transfection kit (5 Prime63 Prime, Inc.; Boulder, CO). Transfected cells were treated 
with either natural IFN-a, natural IFN-a, asialo-IFN-a, or saline (control) at 24 hrs 
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and 48 his after transfection. The culture supematant was collected at 72 his post- 
tiansfection. Viability of hepatoma cells treated with IFNs was assessed by means of 
a dye-reduction assay with 3-[4,S-dimetbylthiazol-2-ol]-2,5-diphenyltetrazolimn 
bn>mide (MTI) (Sigma Chemical Co.; St Louis, MO). 
5 To measure HBV production, cell culture supematants (200 Fl) were 

treated with 20 U/ml of DNase I (Sigma) at 37 EC for IS minutes to degrade ai^ 
plasmid or fiee HBV DNA. Ten microliteis of EDTA (0.S M, pH 8.0) was ften 
added to inactivate DNase L Hie enveloped virus particles were absorbed with a 
high afiSnity monoclonal antibody ^ecific to HBV sui&ce antigen (Takahashi et al., 
10 Pioc. Natl. Acad. Sci. USA 92:1470-1474, 1995) whidi was covalentiy conjugated 
to azlactone-aciylamide copolymer beads (3M EmphazeJ Biosupport Medium ABl, 
Pierce, Rockford, IL). After extmsive washing, HBV DNA was released fixMn fte 
beads in SO Fl of distilled water by heating at 9SEC for 10 minutes. Quantification 
of HBV DNA was peiformed by PCR using primers 
15 5'<}AGAATrcAAGCCTCCAAGCTGTCX:CTTGG-3' (SEQ ID NO:5) and 5'- 
GAAAGCnXJKXXJACGCC3(K:GATrGAGA The PCR was 

carried out with a hot start using AmpliWaxJ PCR Gem (P£ Applied Biosystems, 
Foster City, CA) in a SO Fl of mixture containing 20 Fl of DNA sample, 2.S mM 
Mga2 wifli 1 FM of two primers, 0.01 mM of dNTPs, 2.5 units of Taq DNA 
20 polymerase (AmpliTaq; PE Applied Biosystems, Foster City, CA) and 10 FCi of [4- 
P]-dCTP wifli amplification cycles of 95EC for 30 s, 50EC for 1 min, and 72EC 
for 3 min. After 25 cycles, 10 Fl of each of tiie PCR products were separated by 
electrophoresis in 6% (w/v) polyacrylamide gels. PCR product bands were located 
by autoradiogr^hy and excised, and the radioactivity was measured with a liquid 
25 scintillation counter (Beckman Instruments, Fullerton, CA). For quantification of 
HBV, a standaid curve was constructed fiom PCRs with known quantities of 3.2 kb 
linearized HBV DNA. To ensure the absence of the transfecting plasmid in ttie 
DNA samples, PCRs were also carried out with the sense primer located in the lacL 
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sequence of ftie pGEM-7Zf(+) vector substituted for die sense primer (SEQ ID 
NO:S) for the HBcAg sequence. No template contamination could be detected 
DNase treatment 

Seven to eight week old Balb/c atfaymic nude (nuMu) mice were obtained 

5 fiom Harlan Spiague Dawley» Inc. (Indian^lis, IN). Throughout the experiments, 
these animals were maintained under specific>pa1hogen-fiee-conditions. Mice were 
transfected wifli pHBV-HTD in vfvo using a liver-specific nansfection reagent ttiat 
consists of a [asialofetuin-poly-L-lysine]-[HBV DNAHcanonic liposome] ternary 
complex. The N-tenninal modified poIy(L-lysine) was conjugated to asialofetuin 

10 using conditions similar to those described for the conjuration of poIy(L-lysine) to 
an antibody fTrubetskov et aL Biochim. Biophvs. Acta 1131:311-r313» 1992). Fifty 
microliters of pHBV-HlD (400 Fg/nd in D-MEM), 100 Fl of asialofetuin-poly-L- 
lysine conjugate (500 Fg^l in Hank=s balanced salt solution, pH7.4) and 100 Fl of 
cationic-liposome containing 65 mol% S&lN-iN^J^— 

15 dimediylamoe1hane)caibamy€yyl]cholesteiol and 35 moI% 

oleoylphosphatidylelhanolamine (1»000 Fg/ ml in Hank==s balanced salt solution, 
pH7.7) were combined in a microcentrifuge tube. After a IS minute incubation at 
room temperature with mixing, die ternary complex was filtered Arough a 0.2 Fm 
polycarbonate membrane fihor (Poretics Corporation, CA) and injected into the 

20 portal vein of nudcf mice via fiie spleen. Seven days after in vivo transfection, mice 
were randomly selected, and ttieir blood was sampled by perioifaital bleeding. They 
were flien treated with intraperitoneal injections of saline as placebo, mouse IFN-a or 
asialo-IFN-a (1,000 or 10,000 lU in 200 Fl of saline/day, respectively) for seven 
consecutive dajrs. 

25 To measure 2-5* oligoadenylate (2-5 A) synflietase activity, HepG2 cells 

were treated with 100 lU/ml of human IFN-B or asialo-IFN-B for 8, 12 or 24 hours in 
24-well plastic plates. The cells were washed twice with phosphate-buffered saline, 
lysed in lysis buffer containing 10 mM HEPES (pH7.6), 10 mM KCl, 2 mM 
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magnesium acetate, 7 mM 2-mercaptoethanol, and 0.5% Nonidet P-40. The cells 
were then sonicated for 20 seconds and centrifiiged at 15,000 x g for 15 min. The 
protem concentrations of cell lysates were detennined by Bradford dye-binding 
procedure using Bio-Rad protein assay kit (Bio-Rad Laboratories, Hercules, CA). 
5 All samples were frozen at B80EC until assayed. Hie level of 2-5A synthetase 
activity in Hep G2 cells was measured usmg radioiomiunoassay kit (Eiken 
Inmiunochemical Laboratory, Tol^o, Japan) as described in Shindo et al., 
Hiajatology 8:366-370, 1988. 

HBV-transfected Hep G2 ceUs were treated wi& asialo-IFN-a and its 
10 anti-viral effect was compared widi that of conventional natural human IFN-a 
(Sumitomo Phaimaceutical Co., Osaka, Japan) or IFN-a (Toray Industries, Tokyo, 
Japan). As shown in Fig. 5, asialo-IFN-a produced a significantly greater antiviral 
effect than conventional IFN-a or a (P < 0.001; asialo-IFN^ versus conventional 
IFN-& or a at 10, 100 and 1,000 lU/ml by Bonfenoni / tests after significant 
15 ANOVA). At fee 100 lU/ml dose, the HBV copy number under asialo-IFN-fi 
treatment was less tiian half of the HBV copy number under native IFN*-B treatment 
Thus, the asialoglycoprotein was at least twice as effective in reducing HBV 
replication as the native counteipart. Simikir results were observed using Huh-7, 
another human hepatoma cell line that highly expresses asialoglycoprotein receptor. 
20 The increased inhibition of HBV by asialo-IFN-a was not due to cytotoxic effects. 
No cytotoxicity was observed even at tiie highest dose (1,000 lU/ad, every 24 fars for 
72 fars) tiiat was used in tiiese experiments when examined by the MTT dye- 
leduction assay (Fig. 6). 

To confirm the antiviral effect of asialo-IFN-fi, 2-5 A synthetase activity 
25 was measured. This IFN-induced enzyme polymerizes ATP into 2—5= 
oligoadenylates \^ch then activate a latent endoribonuclease to degrade RNAs. 
Since HBV replicates via an RNA mteimediates, induction of 2-5A synfiietase is 
tiiought to play an important role in antiviral action of IFN through its inhibition of 
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protein synthesis and viral replication. As shown in Fig. 1 1, it was found tiiat 2-5A 
synthetase activity in the asialo-IFN-B-treated Hep G2 cells increased at a level 
significantly higher than tiiat of conventional DFN-B-treated Hep G2 ceUs (P = 0.025 
and 0.004; asialo-IFN-B versus conventional IFN-B by / tests at 12 hrs and 24 his, 
5 respectively). Thus, augmented antiviral effect of human asialo-IFN-fi was 
confinned by fte enhanced induction of 2-SA synthetase activity. 

To detennine whether or not increased dnig efficaby of asia]o-IFN-& was 
mediated by asialoglycoprotein lecqitor on the taiget cells» i competitive inhibition 
experiment was performed using asialofetuin as a competitive ASGP recq>tor 

10 inhibitor. As shown in Fig. 8, flie antiviral effect of asialo-IFN-i was inhibited by 
asialoietum (0.01*1.0 iM) in HBV-transfected Bsp G2 /cells (P < 0.01 for all 
pairwise comparisons by Bonfenroni / tests after significant ANOVA). 

The importance of ASGP receptor was furflier investigated using a SK- 
HEP-1 human hepatoma cell line tiiat is negative for asialoglycoprotein recqitor. It 

15 was found that asialo-IFN-a did not exhibit an increased antiviral effect compared 
with conventional IFN-a or a in this asialoglycoprotein-negative cell line. 

To examine whether the enhanced antiviral effect of asialo-IFN-S is also 
dependent on its binding to IFN receptor, anti-human IFN-S neutralizing antibocfy 
was used to block asialo-IFN-S binding to IFN receptor. As shown in Fig. 9» Ifae 

20 antiviral effect of asialo-IFN-a was inhibited by this neutralizmg antibody, but not by 
an isotype-matched non-IFN-q)ecific mouse IgG (P < 0.001, anti-IFN-§ veisus no 
antibody or iuelevant mouse IgG; P > O.OS, no antibody veisus iirelevant mouse IgG 
by Bonfenoni / tests after significant ANOVA). This result confirmed ftat a^o- 
IFN-S exerts its antiviral effect via IFN receptor signaling. 

25 Ihe efficacy of human asialo-IFN-fi was again tested in vivo. In tins 

^periment, fte specificity of PGR amplifiable HBV DNA was confirmed by 
Soudiem analysis. The serum HBV virion rapidly decreased by 14 days after HBV 
DNA tcansfection of mice treated widi asialo-IFN-6 (10,000 lU), which was in 
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contrast to die increase in die HBV virion levels in die placebo-treated mouse. The 
conventional IFN-B (10,000 lU) was unable to suppress viiemia below fhe 
pretieatment level. Fig. 10 summarizes the change of serum HBV virions detected 
by Southern analysis of PCR products at the end of treatment (at 14 days after 
5 transfection), compared to the pretieatment value (at 7 days after transfection) in 
each individual adiymic mouse. The conventional IFN-B (1,000 or 10,000 lU) did 
not demonstrate a statistically significant antiviral effect compared to die placebo {P 
> 0.05; placebo versus conventional IFN-B by Bonfemxni t tests). Ibis negative 
result is in contrast to asialo-IFN-B (10,000 lU), wbich produced a statistically 
10 significant antiviral effect (P< 0.005, asialo-IFN-B versus placebo or 1,000 lU of 
conventional IFN-B; and P < 0.05, asialo-IFN-B versus 10,000 lU of conventional 
DFN-B by Bonfenoni t tests after significant ANOVA). The viremia was also 
suppressed below die pretreatment level in some mice at smaller dose of asialo-IFN- 
B (1,000 lU), but statistically significant anti-viral effect was not observed at diis 
15 dose {F > 0.05, versus placebo by Bonfenoni t tests). 

The conventional recombinant mouse IFN-a (1,000 or 10,000 lU) was 
unable to suppress the viremia below die pretreatment level and did not demonstrate 
a statistically significant antiviral effect compared to the placebo (P > 0.05; placebo 
versus conventional IFN-a by Bonfenoni t tests). In contrast, asiaIo-IFN-§ (1,000 or 
20 10,000 lU) produced a statistically significant antiviral effect (P < 0.001; asialo- 
IFN-a versus placebo or conventional IFN-a by Bonferroni t tests after significant 
ANOVA), and reduced die amount of virus below die pretreatment level (Fig. 10). 
Of note, die vims was completely eradicated and not detectable in one of duee and 
two of dnee mice at die end of treatment widi 1,000 or 10,000 lU of asialo-IFN-a, 
25 req)ectively. 

In addition, die greater effectiveness of asialo-IFN-a relative to 
conventional IFN-a m vivo was confirmed by Southern analysis of PC31 products 
using the HBV-specific restriction fiagment 
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The experiment in Ibis section demonstrated that tiie ASGP receptor- 
mediated augmentation of fee antiviral effect of IFN in vitro and in vivo. A 
significantly greater antiviral effect was produced by asialo-IFN compared wife 
conventional IFN-d or a (Fig. S). 
5 Compared to fee IFN-^§ receptor wife 100-5,000 binding sites per cell, 

fee ASGP receptor is an abundant receptor wife as many as 50,000-500,000 binding 
sites per hepatocyte. Enhanced efficacy of feis modified IFN clearly requires 
binding to ASGP receptor as evidenced by competitive inhibition studies (Fig. 8). 
More importantly, fee binding of asialo-IFN-S to IFN receptor is essential for its 

10 antiviral effect (Fig. 9). | 

Furfeeimore, 2-5A synthetase was induced by asialo-IFN-& at a level 
significantly higher than by conventional IFN-a, confirming fee IFN recqstor- 
mediated augmentation of anti-viral effect These observations are consistent wife 
fee hypofeesis feat fee binding of asialo-IFN-a to fee ASGP receptor faciKtates 

15 signaling ferough an IFN-a/§ receptor and augments its antiviral effect 
Use 

Ihe animal hepatitis models of fee invention can be used for 
immunological and niolecular studies of fee pafeologic process of hepatitis including 
studies of liver cell deafe. Importantly, fee model can be used to screen potential 

20 feerq^eutics. 

Mutational changes or deletions in fee HBV genome have been identified 
and are beheved to be associated wife fee development of severe forms of hepatitis; 
however, this hypofeesis has not been tested in vivo because of fee lack of an 
appropriate model system. The cellular functions of various HBV transactivator 

25 proteins and fee possible involvement of feese proteins in fee cancer process have 
also not been examined in normal aduh hepatocytes. This hypofeesis may now be 
amenable to experimental evaluation using fee animal hepatitis model described 
herein by preparing animals harboring variant or mutant or anofeer virus. In 
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addition, it is now possible to develop experimental models to test flie anti-viral 
effect of therapeutic legimens in vivo and to investigate Ifae pa&ogenicity of odier 
hepatotrophic vinises, including hepatitis C vinis. 

Asialo-interferon a can be used to treat hepatitis B (or hepatitis C or 
5 hq>atitis G) at dosages similar to or less than used by diose skilled in die art for the 
natural form of human interferon. Because of the greater q^ecifidty, higher effective 
dosages wiU be possible widi lower toxicity. Those skilled in the art wDl be able to 
detemdne die proper dosage duough the use of animal models and dose escalation 
clinical trials. Of course, die effective dosage will genetaDy be less than for natural 

10 interferon which has not been treated to remove a terminal sialic acid. Other forms 
of interferon can be treated similarly. 
Production of odier asialoglycoproteins. 

Asialoglycoproteins other dian IFN can be produced in a manner similar 
to that described above for IFN. For example, glycosylated cytokines, such as IL-S, 

15 IL-€, IL-9, IL-10, 11^12, fibroblast growdi factor, nerve growdi fector, and platelet- 
derived growth fector are available from Sigma as catalog nos. I 5273, 1 3268, 1 
3394, 1 3519, 1 1270, F 3133, N 4273, and P 8184, respectively. These cytokines can 
then be treated with neuraminidase to produce asialocytokines as described above. 

20 What is claimed is: 



- 29 - 



wo 00/66137 



I 



PCTAJSOO/11225 



1. A method of treating viral hepatitis ■in a mammal, the methods 
comprising administering to flie mammal a composition comprising a therapeutic 
amount of an asialointerferon. 

5 2. A method of targeting a glycoprotem to a hepatocyte, die mediod 

comprising 

providing an asialoglycoprotein produced by removing sialic acid 
residues fiom a glycoprotein; and ' 

contacting die asialoglycoprotein with the hepatocyte, 

10 wherein the glycoprotem is selected fiom die group consisting of TL-l, 

IL-3, IL-4, IL-5, IL-6, IL-7, IL-9, IL-10, IL-12, IL-13, lL-14, IL-15, eiydiropoietin, 
fibroblast growdi fector, granulocyte-macrophage colony stimulating fector, gamma 
interferon, tumor necrosis &ctor-fi, leukCTiia inhibitory &ctor, macrophage colony 
stimulating factor, macrophage migration inhibitoiy fector, nerve growth fector, 

15 osteostatin M, platelet-derived growth &ctor, stem cell factor, dirombc^ietin, 
vascular endodielia growth fector, and hepatocyte growth fiictor. 

3. The method of claim 2, wherein the hepatocyte is widun a liver, and 
the liver is within a mammal. 

20 

4. The method of claim 3, wherein the asialoglycoprotein is contacted 
with the hepatocyte by intravenous, intraarterial, subcutaneous, or intramuscular 
injection of die asialoglycoprotein into the mammal. 
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5. A ooiiq)osition comprising an asialoglycqnnotdn produced by 
lemoving sialic add residues from a glycoprotBin» herein Ifae gtycoprotein is 
selected from ttie group consisting of n^l, IL-3, IL-4, IL-5, ILr6, IL-7, IL-9, BL-IO, 
IL-12, IL-13, IL-14, IL-15, eiyduopoietin, fibroblast growdi &ctor, gnmulocyte- 

5 macrophage colony stimulating &ctor, gamma interferon, tumor necrosis &ctor-B, 
leiikemia inhibitory &ctor, macrophage colony stimulating &ctor, macrophage 
migration inhibitory factor, nerve growth &ctor, osteostatin M, platelet-derived 
growtih fictor, stem cell fedor, duombqpoietin, vascular endothelia growfli &ctoi, 
and hepatocyte grow& &ctor. 

I ■ 

6. The composition of claim 5, furth^ comprising a pharmaceutically 
acceptable excipient 

7. A method of treating viral hq)atrtis in a mammal, the method 
15 comprising confirming ttiat &e marmnal has viral hepatitis, and administering to the 

mammal a composition comprising a therapeutic amount of an asialointerferou. 

8. The method of claim 7, wherein the coiifirming step comprises 
measuring fte level of hepatitis virus iiq>lication in ttie mammal. 

20 

9. The mediod of claim 8, wberem the level of hepatitis virus lepUcaticm 
is measured using a hepatitis virus-specific polymerase chain reaction. 

10. The meOiod of claim 8, wherein the level of hepatitis virus 
25 replication is measured by detecting hepatitis viral antigen in a bodfly fluid of 

mammaL 

11. Tliemeaiodofcla]mlO,\«Aierem ihe bodily fluid is blood. 
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12. The mefliod of claim 10, \i^eiein fhe hepatitis viral antigen is an e 
antigen of a hqxititis B vims. 

5 13. Tbe method of claim 7, wherein fiie viial hepatitis is caused by 

hepatitis B virus infection. 

14. The method of claim 7, wherein the viral hqiatitis is caused by 
hepatitis C virus infection. 

10 

15. The method of claim 7, wherein fiie composition is administered 
subcutaneously, intramuscularly, intraaiterially, or intravenously. 

16. The method of claim IS, wherein the therapeutic amount is about 
15 0.02 ig to 200 ig/kg body weight/day. 

17. The method of claim 16, wherein flie Aen9)eutic amount is about 30 
igto7Sig/day. 

20 18. Themethodof claim IS, wherein decomposition finlherconqirises 

a phaimaceutically acceptable excipient 

19. The method of claim 18, wherein the excq)icnt is selected from flie 
group consisting of dextrose, an albumin, sodium chloride^ a sodium phosphate, and 

25 water. 

20. The method of claim IS, wherein fte therapeutic amount is about 
10,000 to 200,000 njykg body wdght/d^. 
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21. lliemediodofclaim7,wheiemfiieiDaminalisahu^ 

anenuA in & mammal, die mcdiod comprismg 
providing a composition comprising a fterapeutic amomit of an 
asialoglycqprotein, die asialoglycqpiotBxn being produced by removing sialic add 



residues fiom a gfycopioteiu, iK^ierein the glycoprotein is selecjled fiom tiie groiq> 
consisting of IL-l, IL-3, IL^, and eiytliropoietiz^ and 

administering to die mammal the composition. 

I ■ 

23. A mediod of stimukting growdi or differentiation of a T cell, Ifae 



mediod comprising 

providing an asialoglycoprotein produced by removing siaKc acid 
residues fiom a glycop ro tein, wherein die glycoprotein is IL-7 or IL-10; and 
15 contacting die T cell with die asialoglycoprotein. 

24. The mediod of claim 23, wherein Ifae T cell is widiin a mammal, 
and die contacting step comprises administering to die mammal a composition 
comprising die asialoglycoprotein. 

20 

25. A mediod of stimulating growdi or differentiation of a macrophage, 
die method comprising 

providing an asialoglycoprotein produced by removing siabc acid 
residues fiom a glycoprotein, wherein die glycoprotein is GM-CSF or M-CSF; and 
25 contacting the macrophage widi die asialoglycoprotein. 
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26. Hie method of claim 25, ^wheiem &e macrophage is witiun a 
mamtnalj and fte Contacting stq> comprises administering to flie mammal a 
composition conqmsing die asialogjlycQprotein. 

5 27. Amediodoftreatinghq3atitisinamamnial,diemediodcQnqirising 

providing an asialoglycpprotein produced by lemoving ^alic add 
residues fiom a g ^ copi Dteiu , ivherein flie gly c opi o te in is IL-1, IL^, IL-10, IL-12, or 
hepatocyte growth fiuston and 

administering to ttie mammal a 'berapeutic amount of fbt 
10 asialoglycoprotein. 
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